Overexpression of salicylate hydroxylase and the crucial role of lys(163) as its NADH binding site.
Expression systems for the sal gene encoding salicylate hydroxylase from Pseudomonas putida S-1 were examined and some constructs were expressed in these systems. By cultivation of Escherichia coli BL21 (DE3)/pSAH8 in LB medium at 37 degrees C with isopropyl-b-D-thiogalactopyranoside as the inducer, salicylate hydroxylase was overexpressed mainly in the form of inclusion bodies. Lower temperature cultivation at 20 degrees C after induction resulted in a large amount of the enzyme in the soluble form. The E. coli clone harboring the recombinant plasmid produced a 45 kDa protein that appeared to be electrophoretically and immunochemically identical to the P. putida enzyme and contained the same N-terminal amino acid sequence. This recombinant DNA product also exhibited properties characteristic of a flavoprotein and was fully functional as salicylate hydroxylase. Based on chemical modification of the salicylate hydroxylase from P. putida, Lys163 was previously proposed to be the NADH binding site. In this study, to obtain a better understanding of the predicted role of Lys163, this residue in the active center of salicylate hydroxylase was replaced with Arg, Gly, or Glu by conventional site-directed mutagenesis. Kinetic studies using these mutant enzymes and the recombinant enzyme revealed increases in apparent K(m) values for NADH in the order of wild-type enzyme > K163R > K163G > K163E, with some decreases in V(max). Examination of the recombinant enzyme and K163G indicated that the pH dependency of K(m) on NADH with pK(a) 10.5 is lost by mutation despite the lack of changes in V(max) values, suggesting a requirement for the lysine residue as the NADH binding site. Based on these results, Lys163 is proposed to play a role in the binding of NADH at the active site through an ionic bond rather than playing a role in catalysis.